
JOURNAL OF THE EXIPERIMENTAL ANALYSIS OF BEHAVIOR 1990, 54, 69-84 NUI
T Z-3/?l/4

CATEGORY DISCRIMINATION BY PIGEONS USING
FIVE POLYMORPHOUS FEATURES

LORENZO VON FERSEN AND STEPHEN E. G. LEA

UNIVERSITY OF EXETER, ENGLAND

Eight pigeons were trained to discriminate between sets of color photographs of natural scenes. The
scenes differed along five two-valued dimensions (site, weather, camera distance, camera orientation,
and camera height), and all combinations of the feature values were used. One value of each dimension
was designated as positive, and slid e feat lues were members

Thus, each feature had an equal, low, correlation with reinforcement, and
all features had zero correlations with each other. Seven of the 8 pigeons learned this discrimination,
and their responding came under the control of all five features. Within the positive and negative
stimulus sets, response rates were higher to stimuli that contained more positive feature values. Once
discrimination had been achieved, reversal training was given using a subset of the slides. In this
subset, only a single feature was correlated with reinforcement. All pigeons learned this reversal
successfully and generalized it to additional photographs with the same feature content. After reversal,
the original reinforcement contingencies were reinstated, and training was continued using all the
slides except those that had been used in reversal. Reversal generalized to these slides to some extent.
Analysis of the response rates to individual slides showed that, compared with prereversal training,
only the feature that had been subjected to reversal contingencies showed a reversed correlation with
response rate. The remaining features showed the same correlation with response rate as they had
before reversal training. Thus, reversal on some members of a category following category discrimi-
nation training led to generalization to stimuli within the category that were not involved in the
reversal, but not to features that were not reversed. It is therefore inappropriate to refer to the pgpons
as earning a

Key words: concept discrimination, discrimination reversal, feature analysis, equivalence class, poly-
morphous concepts, photographs, key peck, pigeons

Pigeons are well known to be able to dis-
criminate between visual stimuli on the basis
of their membership of natural categories. Fol-
lowing the original report of discrimination of
color slides of people (Herrnstein & Loveland,
1964), a large number of other categories have
been investigated. However, less progress has
been made in discovering the mechanism un-
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derlying such discrimination. Although the
discriminations can usefully be termed "con-
cept discriminations" or "natural category dis-
criminations," it is important not to overin-
ter ret the words "conce icat
here is little or no evidence that pigeons earn

such discriminations by forming a concept cor-
responding to the experimenter's, or indeed by
forming any concept at all (Lea, 1984). Much
simpler mechanisms may be able to account
for the observed performance.
The mechanism of natural category discrim-

ination is problematic because no single per-
ceptual feature is likely to be a necessary or

sufficient condition for category membership
(Herrnstein, 1985); natural categories are
"polymorphous concepts" (cf. Ryle, 1951). The
obvious mechanism to cope with this difficulty
is multiple feature analysis, which at the be-
havioral level involves responding coming un-
der the control of a number of more or less
independent features, each of which is weakly
correlated with category membership (Lea &
Ryan, 1983). If a multiple feature model de-
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scribes the data adequately, it would be su-

perfluous to describe pigeons as forming or

possessing concepts.
There are two straightforward ways of test-

ing the multiple feature theory, the analytic

approach and the synthetic approach. The an-

alytic invoves taking t response
rates of birds who are performing concept dis-
criminations and trying to identify features of
the stimuli that are correlated with responding.
Informal versions of this approach have been
used by many experimenters in avian concept
discrimination, and more formal analyses have
been carried out by, for example, Lubow
(1974), Morgan, Fitch, Holman, and Lea
(1976), and Lea and Ryan (1983). These ex-

eriments suggest that between three and six
featuresb arepjbabl involved -in successtul
discrimination of natural categories. A lun-

damental problem with such analyses, how-
ever, is their correlational nature: Even if we
can predict response rates exactly from a fea-
ture model, we can never be sure that the fea-
tures we identify are the ones the birds are

responding to; instead they may be responding
to some linearly equivalent set.
The alternative, synthetic, approach in-

volves constructing artificial polymorphous
concepts, defined by a number oT inependent
features, none of which is necessary or suffi-
cient for category meibership. If feature anal-
ysis is an adequate description of pigeon con-

cept discrimination, such artificial concepts
should be discriminated very easily. Lea and
Harrison (1978) showed that pigeons could
learn to discriminate categories when posses-
sion of any combination of two out of three
positive features made a stimulus positive. But
we have had difficulty in extending this result
to higher numbers of relevant features. Lea
and Ryan (1990) report briefly on an exper-
iment in which the stimuli to be discriminated
were stylized drawings of pigeons, differing on
five stimulus dimensions; of 4 birds trained,
none came under the control of more than one

feature. In unpublished work, Lea, Ryan, and
Lohmann (1989) used drawings of seed-like
stimuli, which also differed along five dimen-
sions. A total of 12 pigeons were trained, but
none of them came under the control of all five
features, although most discriminated three or
four of them.
One possible reason for this difficulty is that

experiments on artificial concepts have gen-
erally used artificial, geometric stimuli, whereas

the impressive demonstrations of pigeons' cat-
egorization abilities have mainly used photo-
graphs of natural objects. It is unknown what
difference this will make. On the one hand,
artificial stimuli lack the richness of detail, and
the variety, of photographs of natural scenes.
On the other hand, when natural photographs
are used, even the features are potentially poly-
morphous. For example, one of the features
used in the present experiment was the site at
which the photograph was taken. Honig and
Stewart (1988) have shown that pigeons can
discriminate slides on the basis of this cue, but
it is very unlikely that there are necessary or
sufficient cues to indentify a scene as coming
from one site rather than another.
We report here an experiment that set pi-

geons to discriminate artificial categories, de-
fined in terms of five independent features,
using photographs of natural objects as stim-
uli. If this discrimination is successfully learned,
and responding comes under the control of all
five features, we can conclude that the detail
and variety of natural photographs are im-
portant for category discrimination. If it is not
learned, we would have to conclude that dis-
criminations involving large numbers of fea-
tures are, in general, indeed very difficult for
pigeons, as Lea and Ryan (1990) suggested.

Artificial polymorphous concepts using large
numbers of features are not only interesting
as simulations of more natural concepts. If
artificial concept discriminations can be suc-
cessfully trained, some further questions about
the mechanism of concept discrimination are
opened to experimental investigation. Suppose
a bird discriminates between two sets or cat-
egories of stimuli. In what sense are the mem-
bers of the set connected? Do they simply at-
tract the same response in this one situation,
or have they become in some sense a single
stimulus? Lea (1984) argued that only if the
members of a stimulus set subsequently attract
the same response in other situations should
we say that the set constitutes a concept for the
pigeon. In this case, the multiple feature model
is, of course, an inadequate description of be-
havior. The issue here is very similar to the
question about whether a group of stimuli con-
stitutes an equivalence class. This question has
been the focus of much experimental work
with human participants, especially those clas-
sified as mentally retarded, starting with the
work of Sidman (1971) and recently reviewed
by Fields and Verhave (1987).
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There is little evidence that animals other
than humans canfornmsucki equivalence classes.
The strongest support for the notion that they
can is an experiment by Vaughan (1988) in
which pigeons were trained using two ran-
domly selected sets of pictures of trees (a ran-
dom pseudoconcept in the terminology of Lea
& Ryan, 1990). Following successful discrim-
ination, the reinforcement contingencies as-
sociated with the two stimulus sets were re-
versed, and a further reversal was then given
every four to seven sessions until the contin-
gencies had been reversed 159 times. By the
end of the experiment, all 6 of Vaughan's birds
were showing substantially reversed discrim-
ination well within the first postreversal cycle
through the 40 slides used: The number of
slides required to produce a general reversal
of behavior ranged from 2 to 16.
Vaughan (1988) argues that his data pro-

vide good evidence for equivalence class for-
mation. But he notes that the precise behav-
ioral process involved is not evident. In
particular, because we do not know what fea-
tures were controlling behavior at different
stages of Vaughan's experiment, we do not
know whether the rapid reversal is mediated
by discriminative features that are found in
the first stimuli for which the reversed contin-
gencies are encountered and also in subsequent
stimuli or whether there is a generalized re-
versal to all the stimuli, regardless of feature
content. Furthermore, Vaughan's experiment
involved large numbers of reversals, and gen-
eralized reversal emerged only gradually: In
an experiment testing transfer after a more
typical concept discrimination procedure, Bhatt
and Wasserman (1989) found no evidence of
concept formation when the criterion sug-
gested by Lea (1984) was used.
The present experiment explored the effects

of reversal of category discrimination training
in more detail. A partial reversal design was
used. If the feature content of stimulus cate-
gories is known, it is possible to give selective
reversal training on one or a few features. By
giving reversal training on just a few members
of the stimulus sets, the subjects can be exposed
to reversed reinforcement contingencies on one
feature while the contingencies applied to the
other features are either left unchanged or, in
effect, suspended, so that there is zero corre-
lation between the remaining features and re-
inforcement.
In the present experiment, the pigeons were

given this kind of selective reversal training
and were then exposed to the remaining mem-
bers of the original categories in a test of gen-
eralization of reversal. The transfer stimuli
included some that had the same feature con-
tent as the reversed stimuli and others of com-
pletely different feature content. There are
three possible outcomes to these generalization
tests, and they lead to three different conclu-
sions about the mechanisms of concept dis-
crimination:

1. If reversal does not generalize at all, this
implies that the pigeons had learned to respond
to individual stimuli without making use of
their feature content.

2. If reversal generalizes only insofar as
stimuli contain the features subjected to re-

/ versal training, this suggests that pigeons had
l extracted features from the stimulus categories
but had not formed equivalence classes.

3. But if reversal generalizes to stimuli re-
gardless of their feature content, this suggests
that the pigeons had indeed formed equiva-

{lence classes or concepts.

METHOD
Subjects

Eight experimentally naive pigeons, of re-
tired racing stock, were used in the experiment.
They were mildly deprived of food, being kept
at 90% of their free-feeding weights, and were
maintained on a 10:14-hr light/dark cycle with
half-hour simulated dawn and dusk periods.
During the dark cycle and part of the light
cycle they were housed in an indoor aviary;
for 1 or 2 hr before and after the daily test
session they were held in individual cages.

Apparatus
Two identical one-key operant chambers

were employed. Each measured 69 by 49 by
39 cm (internal dimensions) and consisted of
a plywood box whose front wall was a 69- by
39-cm aluminum intelligence panel. The gen-
eral arrangement of the apparatus was the
same as that used by Ryan and Lea (1990)
and is shown in Figure 1. Color slides were
back-projected from a Kodak® S-RA2000
random access projector equipped with a 70
to 120 mm zoom lens onto a 61- by 42-cm
screen. The screen stood 60 cm in front of the
experimental chamber. The pigeons could view
this screen through the response key (6.5 by
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front view

side view
Fig. 1. General arrangement of the experimental apparatus, approximately to scale. Note that the screen between

the slide projector and the operant chamber was translucent, and the pecking key was transparent. Thus, the pigeon
looked through the key at the image projected on the screen. The inset shows the front view of the intelligence panel.

6.5 cm), which was made of transparent per-
spex and positioned 26 cm above the floor on
the front wall of the operant chamber. A shut-
ter, operated by a rotary solenoid, could be
used to prevent the bird from viewing the
screen. In addition to the response key, the
panel carried a 7- by 7.5-cm aperture that gave
access to a solenoid-operated food hopper con-
taining a mixture of food grains. The avail-
ability of food was signaled by a white light
in the hopper aperture, which was operated
when the hopper was presented. The food ap-
erture was positioned 15 cm below the pecking
key. A 3.5-W yellow-lensed houselight, 12 cm
above the key, gave general illumination.
Masking noise was provided by a ventilation
fan and through a 35-ohm loudspeaker
mounted on the back of the intelligence panel.
Both chambers, and their projectors and
screens, were housed in a single darkened room.
Experimental events were controlled and re-
corded by an Apple IIs microcomputer, using
programs written in UCSD Pascal. The com-
puter and its electromechanical interfaces to
the operant chambers and projectors were po-
sitioned outside the testing room. A videocam-

era could be placed outside either of the cham-
bers, providing a view to the interior via a 10-
by 10-cm hole in the rear wall (or, for one
chamber, in the roof directly above the key).
The camera was fitted with a wide-angle lens
and was used for regular observation of the
pigeons' behavior in the chamber via a monitor
outside the testing room.

Stimulus Materials
About 300 color transparencies of two

buildings in Exeter were taken with a Nikon
F3@ camera. One building was a part of the
administrative block of the University of Ex-
eter (Northcote House); the other was a pub
in the center of the city (the Crown and Scep-
tre). Two stimulus sets were selected from these
photographs so as to contain all combinations
of five two-valued features. Figure 2 shows
black and white tracings of two of the slides
used, containing opposite values of all five fea-
tures. The features were chosen to be of ob-
vious importance to a free-flying pigeon, so
that the bird's visual system was likely to be
able to process the information needed to dis-
criminate them. The features were as follows,
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with the values used in parentheses (the value
shown in Figure 2a is given first in each case):

1. The site at which the photograph was
taken (Crown and Sceptre or Northcote
House).

2. Weather conditions when the photograph
was taken (sunny or cloudy).

3. Apparent distance of the building from
the picture (near or far). This was manipu-
lated by using a 50 mm/1.4 Nikon lens for
near views and a wider angle lens (28 mm/
3.5 Nikon) for far views; the camera distance
was unchanged.

4. The orientation of the building in the
picture (horizontal or oblique). Half the pho-
tographs were taken with the camera held nor-
mally (horizontally); the remainder were taken
with the camera at a substantial angle (300 to
500 approximately).

5. The camera height from which the pho-
tographs were taken (aerial or ground). The
two buildings used were selected because both
could conveniently be photographed from
ground level (with the camera at about the
height of a pigeon's eye when the bird is stand-
ing on the ground) and also from approxi-
mately 20 m higher, above roof level for each
building, with less than 3 m difference in hor-
izontal distance.

In all, 32 feature-value combinations are
possible. Two photographs were selected for
each combination. These were always slightly
different from each other (for instance, the
clouds might vary in position, there might be
different parked cars or passers-by in view, or
the camera position might vary slightly). Thus,
64 slides were selected in total. For each bird,
one value of each feature was defined as pos-
itive, and stimuli containing three or more pos-
itive feature values were positive. This rule
divides the 64 stimuli into two artificial poly-
morphous categories (cf. Lea & Ryan, 1990)
of equal size. In such categories, each feature
is correlated with reward, but none of them is
a perfectly reliable cue. In the present cate-
gories, the features themselves are naturalistic
and, therefore, also potentially polymorphous.

For Birds 15, 19, 20, and 21, the feature
values Crown and Sceptre, sunny, near, hor-
izontal, and aerial were defined as positive,
and stimuli containing three or more of these
features were positive. For Birds 16, 17, 22,
and 23, the feature values Northcote House,
cloudy, distant, oblique, and ground were de-
fined as positive. Table 1 shows the feature-

Fig. 2. Outline tracings of two of the slides used as
stimuli. The two pictures contain opposite values for all
five features. Figure 2a contains the feature values that
were positive for Birds 15, 19, 20, and 21; it shows the
Crown and Sceptre photographed on a sunny day, in a
near, horizontal, aerial view. Figure 2b contains the fea-
ture values that were positive for Birds 16, 17, 22, and
23; it shows Northcote House on a cloudy day in a distant,
oblique, ground view. Note that the weather feature (cloudy
or sunny) is not well represented in this monochrome
drawing.

value combinations that fell into the positive
and negative categories for the first group of
birds. Note that the stimuli within the cate-
gories differ: There is one feature combination
that is a "perfect" exemplar, having all five
positive feature values, five "good" exemplars,
having four of five positive feature values, and
the remaining 10 exemplars are "poor," hav-
ing the minimum of three positive feature val-
ues. The negative category can be divided in
exactly the same way.
For most of the experiment, the full set of

64 slides was used. However, for some phases,
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Table 1
Symbolic representation of the feature combinations for the entire stimulus set and for a single-
feature subset. Stimuli described as "positive" and "negative" were positive and negative for
Birds 15, 19, 20 and 21; for the remaining birds, the opposite reinforcement contingencies were
used. The perfect positive and negative exemplars are the stimuli represented in Figure 2. The
feature-values are represented as follows: site: p = Crown and Sceptre (pub), u = Northcote
House (university); weather: s = sunny, c = cloudy; distance: n = near, f = far; orientation: h
= horizontal, o = oblique; height: a = aerial, g = ground. Feature combinations belonging to
the single-feature subset based on the height feature are shown in bold type.

Type of exemplar Feature combinations

Perfect positive psnha
Good positive psnhg psnoa psfha pcnha usnha
Poor positive psnog psfhg psfoa pcnhg pcnoa

pcfha usnhg usnoa usfha ucnha
Poor negative usnog pcfoa pcfhg pcnog psfog

ucfha ucnoa ucnhg usfoa usflig
Good negative ucfoa ucfhg ucnog usfog pcfog
Perfect negative ucfog

subsets were used within which a single fea-
ture could function as a necessary and suffi-
cient cue to discrimination. These are referred
to as single-feature subsets. As an example, the
single-feature subset based on the height fea-
ture is illustrated in Table 1. This subset in-
cludes all the stimuli in which two of the re-
maining four features took their positive values
and the other two took their negative values.
So, for example, if height was the critical fea-
ture, for Bird 15 the subset would include the
positive slide showing the Crown and Sceptre
in a sunny, distant, oblique, aerial view. Notice
that within this subset, category membership
is completely determined by the height feature,
and all other features have zero correlation
with category. There is a different single-fea-
ture subset corresponding to each feature. Each
such subset includes 12 feature combinations
and, hence, 24 slides, because there were two
instances of each feature combination.

Procedure
The pigeons were first trained by standard

procedures to find food in the hopper and to
peck the key when the shutter was opened and
the screen was transilluminated with white
light from the projector. There were no slides
in the projector at this stage. The schedule of
reinforcement used was gradually extended to
a fixed interval of 30 s, with a 10-s timeout
after each food reinforcement during which the
shutter was closed and the projector moved to
a new position, chosen at random. Reinforce-
ment normally consisted of a 5-s hopper op-

eration, but this period was reduced to 4 s for
1 bird that gained weight excessively.
Once key pecking was established, the birds

were exposed to the following successive dis-
crimination procedure. Sessions were divided
into a number of trials (between 64 and 80
depending on the condition). Each trial began
with a 10-s period during which the shutter
was closed and a slide was selected. The shut-
ter then opened, and the slide was projected
for 30 s. If the slide was defined as positive,
the slide then remained on until the next peck,
when the pigeon was rewarded with food. If
the slide was negative, the shutter closed at
once and the houselight was turned off. This
blackout period lasted as long as the food hop-
per operation given on positive trials.

If slides were used more than once in a
session, a complete cycle through all the slides
in use was completed before any slide was
shown again. A new pseudorandom sequence
was generated for every cycle through the slides.
All sequences were subject to the constraint
that no more than three positive or three neg-
ative stimuli were used in succession.

In the first phase of training, all 64 slides
were used, once each in each session. In this
and some subsequent phases, training contin-
ued until performance reached a criterion de-
signed to ensure that the birds' behavior was
under the control of all five features, as follows.
After each session, response rates to the 64
stimuli for each bird were subjected to a five-
factor analysis of var in which the factors
were the five features. If, within a block of 10
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Table 2

Numbers of sessions given to each bird in each condition, features used in single-feature training
sessions where necessary, and features used in reversal training.

Post Postreversal
Initial training Single-feature single-feature Reversal feature retraining

Bird (sessions) (features, sessions) (sessions) 5+10 sessions (sessions)

15 42 height 11
19 30 distance 13

orientation 17 10 site 14
20 30 orientation 16 20 site 10
21 30 orientation 39

site 6
distance 7 10 site 44a

16 42 distance 13
17 30 distance 40a
22 45 height 12
23 20 distance 14

a Training abandoned because no progress was being made.

consecutive sessions, the main effect of each
feature was significant for at least six sessions,
then the criterion was reached.

After 30 sessions, mean response rates from
the previous 10 sessions (i.e., Sessions 21 to
30) were calculated and subjected to a five-
factor analysis of varianeus
as factors. Birds that showed a significant effect
of every feature on response rate continued in
normal training until they reached the original
six sessions out of 10 criterion (which is more
stringent). Birds that did not show significant
effects of every feature on mean response rate
were given single-feature training, as follows.
The five features were ranked according to the
number of sessions out of the previous 10 in
which a significant main effect had been found.
The highest ranking feature that had not
reached the criterion of six significant sessions
was selected. The birds were then given train-
ing sessions using the single feature subset of
slides corresponding to this feature. Training
was continued until the main effect of the se-
lected feature was significant for at least six
sessions within a block of 10 consecutive ses-
sions. If more than one feature had failed to
reach the six of 10 criterion in initial training,
the single-feature training procedure was re-
peated for the next best feature, and so on until
criterion had been reached for all features. The
birds were then given further sessions of the
original training procedure until they met the
original criterion of six sessions with signifi-
cant discrimination on each feature within a
block of 10 consecutive sessions. Table 2 in-

cludes details of the single-feature training
given to the 4 birds that required it.
Once criterion had been reached, with or

without intervening single-feature training, the
birds proceeded to reversal training, as follows.
The feature that had most strongly influenced
behavior in the last 10 sessions of training was
selected (assessing strength of influence by the
difference ofmean response rates between slides
containing the positive value of the feature and
those containing the negative value). The birds
were trained using the single-feature subset of
slides corresponding to this feature, but with
reinforcement contingencies reversed. For the
first 10 sessions, one of the two slides in each
of the 12 feature combinations within that sub-
set was chosen at random, and the birds were
trained using only these 12 slides. Each session
consisted of 72 trials (i.e., there were six cycles
through the 12 slides). Following this, the other
slides of the same feature combinations were
introduced, and the pigeons were given five
sessions consisting of three cycles through these
24 slides, still with the contingencies of rein-
forcement reversed from what they had been
in training.

Following reversal, a transfer test was car-
ried out using only the 40 slides not used dur-
ing reversal training. Reinforcement contin-
gencies were as in original training. Ten
sessions were given, each consisting of two cy-
cles through the 40 slides (80 trials in all).
Finally, the entire set of stimuli was reintro-
duced, and initial training contingencies were
reestablished and continued until the bird again
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Fig. 3. Performance in all phases of the experiment by the 4 birds that reached the criterion in initial training
without single-feature training (Birds 15, 16, 22, and 23). The vertical axis is the rho statistic of Herrnstein et al.
(1976); high values of rho indicate good discrimination, values below .5 indicate reverse discrimination. All data points
show means of rho values for the 4 birds, with tie bars showing ranges. Data are reported as means over five-session
blocks for initial training and final retraining, and for single sessions during reversal and postreversal transfer tests.
Birds 15 and 22 were given reversal training on the height feature, Birds 16 and 23 on the distance feature.

met the criterion of six out of 10 sessions with
a significant main effect of each feature. In the
case of Bird 21, this criterion was not met
within 44 sessions and training was aban-
doned.

Sessions were normally given one per day,
6 days per week. The numbers of sessions given
to each bird in each phase are listed in Table 2.

RESULTS AND DISCUSSION
Initial Training
The left-hand sections of Figures 3 and 4

show performances during initial training of
all birds except Bird 17. Discriminative per-
formance is measured by the Herrnstein,
Loveland, and Cable (1976) rho statistic, which
measures the overlap between stimulus sets in
mean response rate; a value of .5 indicates
random responding, and a value of 1.0 indi-
cates that all positive stimuli elicit a higher
response rate than any negative stimulus.

Four of the birds reached the criterion of
five-feature discrimination without single-fea-
ture training (range, 20 to 45 sessions includ-

ing the 10 sessions of criterial performance;
fuller details in Table 1). Data from these
birds are summarized in Figure 3. The re-
maining 4 birds required single-feature train-
ing on from one to three features. All except
Bird 17 successfully completed this; Bird 17
discriminated only the height feature consis-
tently, and this bird was dropped from the
experiment after 40 sessions of single-feature
training on his next best feature, distance.Fig-
ure 4 summarizes thedata from the 3 birds
for which single-feature training was success-
ful.

Feature Analysis
Figure 5 shows the effects of the five features

at the end of initial training. The figure shows
the difference in mean response rate between
stimuli containing positive and negative fea-
ture values for each feature, so the more pos-
itive the value for a feature, the more strongly
that feature controlled differential responding.
For example, for Bird 15 the mean response
rate to slides containing the positive value of
the height feature, for this bird the aerial view,
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Fig. 4. Performance in all phases of the experiment except single-feature training by the 3 birds that required
single-feature training and completed it successfully. All 3 of these birds were given reversal training on the site feature.
Other details as in Figure 3.

was approximately 22.5 pecks per trial more
than the mean response rate to slides contain-
ing the negative value of the feature, for this
bird the ground view. The data are based on

mean response rates for the last five sessions
of training. For Bird 17, which never used all
five features, data are based on the five sessions
before the start of single-stimulus training.
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In any concept discrimination in which the
same slides are used repeatedly, it is possible
for the subjects to learn how to respond to each
individual slide without making any use of the

features as such. One way of testing whether
such "rote learning iS is1tconsider
tne variation Of response rates between stimiiiJi
within the positve (or the negativejirulus
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s,ecf. Vaughan & Herrnstein, 1987). Within
the positive set, some slides contain more pos-
itive features than others: If these slides sys
tematically attract higher response rates, re-

sponcding must be un d.er thecontroffTTeatures

and not just of individual slides. In Figure 6,
asymptotic mean response rates to stimuli are

pilotted ng~jnst the number of features taking
theliFpositive value in the stimuiuis.Tt can be
seen that stimuli with three or more positive-
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valued features generally control higher re-
sponse rates than stimuli with two or fewer;
that simply restates the fact that the birds did
discriminate the stimulus sets successfully. But
it can also be seen that, within the positive and
negative sets, the stimuli with more positive-
valued features controlled higher response
rates. This effect was statistically significant:
Kendall's coefficient of concordance among the
7 birds as to the ordering of the three kinds of
stimuli was .76 for the negative stimuli and
1.00 for the positive stimuli (p < .01 in each
case). Thus, we can reject the hypothesis that
the birds had simply learned how to respond
to each of the 64 stimuli independently. Be-
havior was influenced by the feature content
of the slides, despite the ill-defined nature of
the features involved.
To summarize our conclusions so far: The

results of the initial phase of training, and the
largely successful outcome of the single-feature
training given to the birds that did not reach
criterion, show that birds can discriminate ar-
tificial polymorphous concepts requiring as
many as five features to control behavior si-
multaneously. Four birds did so spontane-
ously, and 3 of the remainder were trained to
do so without much difficulty. Figure 5 shows
that a reasonably even pattern of feature use
was achieved, and in particular, there was no
one feature that was quickest (or slowest) to
gain control over behavior for all birds. Figure
6 confirms that the birds were responding to
features and not just to individual stimuli.

Reversal Training and Postreversal Tests
The features used in reversal training for

each bird are included in Table 2. For ex-
ample, for Bird 15, the best discriminated fea-
ture was height (see Figure 5). So for that
bird, the positive value of height (aerial) was
made negative and ground was made positive,
and the stimuli used in reversal training were
those in which two of the remaining four fea-
tures (site, weather, orientation, and distance)
were positive and two were negative. The re-
sults of this stage of training are included in
Figures 3 and 4. Within 10 sessions, all 7 birds
learned the reversal well, using the original
selection of one copy of each of the possible six
positive and six negative feature combinations.
Adding the second copy in the succeeding five
sessions led to no detectable loss of discrimi-
nation, so the reversal apparently generalized

completely to stimuli of similar feature con-
tent.

In the first session of postreversal general-
ization testing, during which all the stimuli
except those used in reversal training were in
use with the original reinforcement contingen-
cies in force, there was considerable evidence
that reversal had generalized. Figures 3 and
4 show that the rho values in the sessions im-
mediately after the end of reversal were mark-
edly lower than in the sessions immediately
before reversal. To make a more precise com-
parison between pre- and postreversal perfor-
mance, we extracted the data from the last
exposure to the 40 nonreversed slides during
the session immediately before reversal (this
session also included the subsequently reversed
slides) and the first exposure to the same slides
during the first session after reversal (this ses-
sion also included a second exposure to each
slide). Rho values were calculated across these
two 40-trial sets for each bird. The mean value
of rho during the first postreversal exposure
was .39 (range, .14 to .68), compared to .83
(range, .70 to 1.00) during the last prereversal
exposure. All 7 birds showed a reduction in
rho in postreversal compared with prereversal
testing (p < .02, two-tailed binomial test).
The above analysis shows that reversal

training did transfer to nonreversed feature
combinations. However, Figure 7, which re-
ports the control over behavior exerted by each
of the five features in the first postreversal
session, shows that the generalization of re-
versal was almost entirely due to the effects of
the one feature involved in reversal training.
Figure 7 should be compared with Figure 5,
which shows the asymptotic feature effects be-
fore reversal. The conclusion is clear. The ef-
fects of reversal training on the features to
which it was applied continue; all 7 birds
showed less responding to stimuli containing
the originally positive value of this feature than
to stimuli containing the value of it which was
positive during reversal training. But there is
no systematic reversal to other features.

Results from the final phase of the experi-
ment, when the original contingencies were
fully restored using all 64 slides, are included
in Figures 3 and 4. Category discrimination
was impaired to some extent, but within 10 to
14 sessions discrimination performance recov-
ered and again reached the original criterion
of six sessions' significant discrimination of each

80
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feature within a block of 10 sessions. Bird 21
was an exception. After 44 sessions of postre-
versal training -with all 64 slides, this bird's
behavior was still not strongly enough under
the control of the orientation feature to meet
the original criterion. This bird had required
extensive single-feature training on orienta-
tion (39 sessions, over twice as many as any
other bird had needed for any feature) earlier
in the experiment. Note that there was no
difficulty with the site feature, which had been
subjected to reversed contingencies. Even this
bird, however, did recover category discrimi-
nation to some extent: When mean response
rates over the final five sessions of postreversal
training were submitted to analysis of vari-
ance, all five features had significant main ef-
fects.

GENERAL DISCUSSION
We can draw three conclusions from these

results. Firt ien a er odsrmnt
sti'pu' categories usingvasemanyas five fea-

tures. The difficulties reported by Lea and
Ryan (1990) and Lea et al. (1989) are clearly
not absolute. However, there are reasons to
suspect that the conditions of the present ex-
periment did approach the limits of pigeons'
capacities for feature analysis and integration.
Four of the birds did not make the five-feature
discrimination spontaneously. One of these
(Bird 17) could not be trained to abstract even
a single feature that it had not spontaneously
discriminated. A second was successfully
trained to discriminate all five features, but
following the reversal training and subsequent
testing, the feature that had given most trouble
in initial training did not regain control over
behavior. Thus, although we achieved better
discrimination in this experiment than in ear-
lier work, the present results agree with those
of Lea and Ryan (1990) and Lea et al. (1989)
in suggesting that pigeons can cope with only

tures.
The features in the present experiment were

themselves natural categories, with the usual
polymorphous properties of such categories.
Logically, therefore, the stimuli were highly
complex, and, so far as we know, this exper-
iment is the first demonstration that pigeons
can discriminate categories that have been syn-
thesized from other natural categories in this
way. But the individual stimuli used had the

richness of detail and perhaps relevance to the
pigeon's natural way of life that characterize
the stimuli used in the most successful category
discrimination experiments. The present dis-
crimination seems to have been easier for the
pigeons than those used by Lea and Ryan
(1990) and Lea et al. (1989). The results thus
suggest that the richness and relevance4t
individual stumuli are more important than
tlogical compLexiW 4 the category defini-
tions in determinLngtjhe difficulty of a category
discrimination. Howe er this concliision can-
not be drawn finally until the two types of
stimuli are c9mnared_within a single experi-
ment.
Our second conclusion is that, even with this

degree of cos s and of cate-
gor definition, pigeonsdntjust learn the
stimuWh rgt if ra
ture The number of slides, 64, was
small enough to allow such "absolute discrim-
ination" if there had been no relevant features,
as previous research by Vaughan and Greene
(1984) and by von Fersen and Delius (1989)
has shown. T
with the evidence that birds learn a true con-
cept dcrimination fasterco -
cept I-sErlmlnat on, in which tWve categories-to
be discriminated are random selections of stim-
uli fronthe sjAmej&(e.g., Ryan & Lea, 1990;
Vaughan & Greene, 1984; Wasserman, Kie-
dinger & Bhatt, 1988).

Finally, however, we conclude that pigeons
do not readily form equivalence classes or con-
cepts. A-s Le .i94has argue,tedsrm
iniation of stimulus sets defined in terms of
concets held byhe experimenter does not
require thes& cttpossess or orm a cor-
respons incet or any,concept at all. The
repeated-reversals experiment of Vaughan
(1988) remains the most convincing evidence
that pigeons can form novel concepts, and, be-
cause of the different procedures involved, the
present results do not contradict Vaughan's.
Vaughan used repeated reversals with stimuli
with no obvious discriminative feature content,
whereas we used a single reversal with stimuli
where there were features (albeit polymor-
phous ones that were imperfectly correlated
with reinforcement) to aid discrimination. On
the other hand, our procedures are relatively
similar to those of Bhatt and Wasserman
(1989), and our resultsag theirs in-
finding o evidence of c o

lWO obvious extensions of the present re-



CATEGORY DISCRIMINATION WITH POLYMORPHOUS FEATURES, 83

search would involve giving repeated reversals,
both with the kinds of categories used here and
with pseudoconcept discriminations, using
partitions from the same stimulus set designed
to eliminate the correlation between features
and reinforcement. Such experiments might
well find evidence of gradual concept forma-
tion over a series of reversals. However, as
regards the normal concept discrimination
performance of pigeons in the great majority
of experiments that have been done, the pres-
ent results suggest that multiple feature anal-
ysis would be an adequate account of behavior.

In contrast with our final conclusion,
McLaren, Kaye, and Mackintosh (1989) have
invoked within-compound associations, of the
kind we are here rejecting, to explain phe-
nomena such as latent inhibition in Pavlovian
discrimination with compound stimuli and
perceptual learning. Kehoe (1988, 1989) has
shown how such associations might be medi-
ated by a simple network of the sort used in
parallel-distributed processing theories. And
in unpublished experiments, Lea, Ryan, and
Kirby (1990) have reported some signs of cross-
feature generalization following reversal of the
letter-group discriminations described by Lea
and Ryan (1983, 1990).
None of these results can be taken with con-

fidence as being in conflict with the present
conclusion. But if there is a conflict, one way
in which it might be resolved is to point to a
difference between the structure of real-world
concepts and the artificial categories used in
the present experiment. In our experiment, the
feature space was completely densely occupied:
All combinations of feature value occurred,
and there was no correlation between features
at all. That was necessary in order to assess
the independent contributions of the different
features reliably, but it may not be a good
model of the situations in which people (and,
just possibly pigeons) would find it useful to
form concepts. A concept would help organize
the perceptual world in precisely those situa-
t i one feature value
.terms u ca -na y
Kehoe 1988 1989one stimulus element is a
good predictor of another. That is probably
true of natural concepts; it was true of the
artificial concepts used by Lea et al. (1990)
(the stimuli are described by Lea & Ryan,
1983, 1990), but it was by design untrue of
the artificial concepts we used. Perhaps the
difficulty of discriminating artificial polymor-

phous features lies in this unnatural aspect of
their feature content.
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